The hosts of Hantavirus are rodents, while they are transmitted to humans via aerosol, or by direct contact with them. The primary goal of the study was evaluation of the state of health of forestry workers by laboratory diagnosis of the diseases caused by Hantavirus Dobrava/Hantaan. The study covered a group of 820 randomly selected employees of the State Forests from 32 Forest Districts located in the area of the whole of Poland. The results of the study show that the largest number of positive results were registered in the Augustów Forest District -3 cases (10%), and in Piotrków Trybunalski -3 cases (11.5%). For the whole of Poland, 25 seropositive results were noted (3%) and 76 results were doubtful (9.3%). The results of the conducted study suggest the occurrence of Hantavirus Dobrava in large forest complexes on the territory of Poland. People residing and working in these areas are exposed to infection, and this exposure seems to be comparable with data from other countries.
time in mouse urine (Lee et al. 1981) . Hantaviruses are divided into the Old World and the New World viruses, according to the type of rodent which transmits them, and the geographical area in which they occur (Schmaljohn 1996) . Sorotype Dobrava is transmitted by the yellow-necked field mouse Apodemus flavicollis, which in Europe is responsible for the more serious cases of HFRS (haemorrhagic fever with renal syndrome) ).
Mice of the genus Apodemus, including the genus A. flavicollis, occur in majority of European countries. A. flavicollis transmits hantavirus serotype Dobrava, which is responsible for severe cases of HFRS, with a high death rate in Europe (Xiao et al. 1993) . The virus of serotype Dobrava is genetically related with the virus Saaremaa isolated from mice Apodemus agrarius, which also occurs in Europe (Nemirov et al. 1999) . The mice Apodemus agrarius is also present in Asia, where it is responsible for the transmission of hantavirus serotype Hantaan, genetically closely related with the virus Dobrava (Baek et al. 2006 ). To-date, it has been found that Apodemus flavicollis, A. agrarius, and A. ponticus are responsible for the transmission of Dobrava and Dobrava-like viruses in Europe (Jakab et al. 2007 ). Infections with Dobrava virus (from A. flavicollis) have been identified to-date only in the region of the Balkans (Papa et al. 1998; Avsic-Zupanc et al. 1999) , although this mouse is also prevalent in other areas. The Dobrava-like viruses transmitted by A. agrarius have been detected in Central and Eastern Europe (Estonia, Russia, Denmark, Slovenia, and Slovakia) (Jakab et al. 2007; Klein and Calisher 2007) .
The period of incubation of HFRS is approximately 3 weeks (Kramski et al. 2009 ). The first symptoms of HFRS are primarily high fever lasting for the first several days, as well as headaches, thrombocytopenia, flu-like symptoms, abdominal pain, nausea, and vomiting; 4-10 days after that, the renal symptoms occur -oliguria, followed by polyuria ). Typically, HFRS includes five phases of the disease: fever, hypotensia, oliguria, polyuria, and convalescence. Approximately 40% of patients infected with the virus Hantaan require dialyses. Death is most frequently the result of complications related with renal failure or haemorrhage. The intensification of symptoms is related with the serotype of the hantavirus that caused the disease; however, it also depends on individual predispositions of the human body. Mortality in Europe for infection with the serotype Dobrava is from 9-12% (Papa et al. 1998) . Usually, the risk of contracting HFRS is related with work in forestry, agriculture, construction works in the vicinity of forests, or in or near habitats of rodents. The risk of infection is also associated with the work of a zoologist or a veterinarian who deals with rodents (Vapalahti et al. 2010) .
objectIve
The primary goal of the study was laboratory diagnosis of the diseases caused by Hantavirus serotype Dobrava/Hantaan of forestry workers.
MAterIAl And Methods
The study covered a group of 820 randomly selected employees of the State Forests from 32 Forest Districts located in the area of whole of Poland. The study group included 678 males (82.7%) and 142 females (17.3%); mean age 47 ± 8.
Prior to the study, each person was precisely informed concerning its goal and course, and the possibility to withdraw from the participation in the study at each stage, without incurring any consequences. From all forestry workers, blood was collected, centrifuged on the spot, and sera preserved for further studies. In addition, the medical history was taken concerning the exposure to contact with rodents, number of hours of work in the forest, and presently reported complaints. The results of the presented study show the largest number of seropositive results among forestry workers that were found in the Regions of Katowice (6%), Łódź (5.9%), Białystok (5.5%), Warsaw (4.3%), and Kielce (4.1%). The largest number of positive results were registered in the Augustów Forest District -3 cases (10%), and in Piotrków Trybunalski Forest District -3 cases (11.5%). No positive results were observed in the regions of Bydgoszcz, Zielona Góra, Kraków, and Lublin. For the whole of Poland, 25 seropositive results were noted (3%) and 76 results were doubtful (9.3%). Positive results were observed in 23 (3.4%) males and 2 (1.4%) females (Fig. 2) . It was confirmed that gender has no effect on the frequency of 
dIscussIon
Dissemination of hantaviruses depends on the migration of infected rodents in individual areas, their interaction with the environment, as well as changes of climate or growth of the population of rodents. HFRS epidemics correlate with an increasing population of rodents in individual regions. An increase in the population of rodents is noted in the countries of Central Europe, the Balkans or Scandinavia, and are probably caused by accumulation of forest tree fruits on the ground, which are abundant food for forest rodents. This is also due to the warming of climate improving the blooming of trees, or the production of seeds (Schwarz et al. 2009; Tersago et al. 2009 ). Other studies showed that in China a good yield of seeds, low rainfall or lack of floods, also results in the growth of mice population, and consequently, more frequent cases of HFRS transmitted by Apodemus agrarius (Hu et al. 2007) .
Apart from climate, the probability of transmission of hantaviruses to humans is also influenced by the type of work performed. Hantaviruses are transmitted with aerosol contaminated with excrements and secretions. The infection often occurs among forestry workers and farmers, as well as among construction workers and other employees, who -during work -stay in unused buildings (e.g., barns) to which the rodents have had an access, and which are being cleaned up for subsequent use (Van Loock et al. 1999 ).
In the Balkans, an increasing number of infections with hantavirus Dobrava is observed in 'fattening years', that is, in the years when there is a growth of the population of rodents resulting from climatic changes and an increased accessibility of food. Considerable increases in the occurrence of hantaviruses have been described for countries such as Bosnia and Herzegovina (increase by 5%), Greece (by 4%), and Slovenia (by 1.7%) ). In 2007, in France, Austria, and Germany, 3 to 5 times more cases of infection were noted, whereas in Sweden, even 10 times more as compared to the average value concerning the former decade (Heyman et al. 2011) .
Investigations were also conducted that focused on the exposure of forestry workers to infections with hantaviruses resulting from the character of their work. German researchers examined for hantaviruses (serotype Dobrava/ Tula) a population of 563 forestry workers from the southern regions of Germany. Serologic tests showed 9.1% of positive results (Mertens et al. 2011 ). Another study concerned a group of 722 forestry workers from Germany, from the region of North Rhine-Westphalia, in whom 6% of positive results were confirmed (for serotype Puumala) (Jurke et al. 2015) . However, in the south-western regions of the United States, no antibodies against hantaviruses were found among a group of 140 forestry workers exposed to contact with rodents (Vitek et al. 1996) . Among forestry workers in Hungary, 4.6% of seropositve results were confirmed in the study group of 835 workers (for mix of serotypes Puumala and Dobrava) (Oldal et al. 2014) . In Switzerland, studies were carried out concerning the exposure to infection with hantaviruses among a group of 1,693 farmers, forestry workers and soldiers. Low percentages of positive results were observed on the level up to 1.9%, according to the group examined (Schultze et al. 2007 ). In Holland, a comprehensive study was carried out seeking antibodies against hantaviruses among more than 10,000 serum samples from humans and animals. Positive results were confirmed in approximately 10% of patients with the symptoms of nephropathy, as well as in groups at occupational risk -in 6% animal trappers, 4% forestry workers, 2% laboratory staff, and in 0.4% of farmers (Groen et al. 1995) . Also, the frequency of occurrence of antibodies against hantaviruses was determined in Slovakia for a group of 2,133 people examined. In the western part of Slovakia, the percentage of positive results was lower (0.54%) as compared to the eastern part of the country (1.91%). The largest number of seropositive results was noted in a group of forestry workers in eastern Slovakia (5.88%) (Sibold et al. 1999) . The percentage results of the presented study seem to be comparable to the results of studies conducted in other countries. This study showed 3% of positive results for antibodies against hantaviruses Dobrava/ Hantaan among forestry workers in the whole Poland.
The first case of HFRS in Poland was noted in the area of the Rzeszów Region in 2007 (Nowakowska et al. 2007 ). Many studies indicate the occurrence of zoonoses in Poland, which are related with exposure to contact with wild animals. These diseases constitute a serious epidemiological problem; especially in the environment of work of forestry workers, they have the character of occupational diseases (Dutkiewicz et al. 2011) . Since 2007, the diseases caused by hantaviruses have been reported to the National Institute of Public Health. These reports come mainly from the Rzeszów Region, which evidences that this is an endemic region for the occurrence of hantaviruses. Epidemiological reports concerning the years 2007-2015, issued by the National Institute of Public Health, indicate that there are approximately 6-8 cases annually, on an average, the incidence of this disease being 0.02 per 100,000 population. In 2014, an increase in the number of cases was noted -54 cases of diseases caused by hantaviruses, including 53 cases found in the Rzeszów Region. Nearly 100% of all the reported cases were hospitalized (National Institute of Public Health, 2007 -2015 . The presented study showed one positive result and 3 doubtful results for the Forest Districts in the Rzeszów Region. The frequency of positive results among forestry workers in this region is 2%.
Polish researchers also carried out studies concerning the occurrence of infections with hantaviruses among forestry workers. Some of the studies concerned only infection with the hantavirus serotype Puumala, during which no positive results were observed among 86 forestry workers from the Upper Silesian Region, whereas positive results were noted among zoologists (Sadkowska-Todys et al. 2007; Gut et al. 2007a) . The presented study showed 3 positive results (6%) among forestry workers from Forest Districts in the Katowice Region. According to the studies by Gut W. et al. among the examined group of Polish zoologists (n = 78), 7 doubtful results were found (9%) for the serotype Hantaan, which is closely related with the serotype Dobrava. Additionally, doubtful results correlated with doubtful and positive results for the serotype Puumala (Gut et al. 2007b) . Studies carried out among forestry workers (n = 216) from the areas of southern and eastern Poland revealed 6 positive results (2.8%) and 26 doubtful results (12%) for antibodies against hantaviruses Dobrava/Hantaan. Forestry workers with positive results were employees who spent more than 50% of their working time in the forest (Żukiewicz-Sobczak et al. 2014) . Also, another report concerned the exposure of forestry workers to infection with hantaviruses. The study included 161 employees of Forest Districts from the areas of south-eastern Poland (Forestry Districts of Zwierzyniec, Puławy, Biała Podlaska, and Roztocze National Park). The presence of anti-hantavirus antibodies IgG was found in only 4 persons examined (2.5%), and 2 infections (1.2%) were caused by the serotype Dobrava. No specific antibodies were observed in the IgM class (Knap et al. 2010) . The presented study also confirmed a low percentage of infections with the serotype Dobrava in the areas of south-eastern Poland: 0% of positive results in Lublin Region, 2% in Rzeszów Region, and 4.1% in Kielce Region. Other studies conducted among forestry workers (n = 69) in north-eastern Poland (Regions of Białystok and Olsztyn) revealed 2 positive results (2.9%) for the presence of antibodies against hantaviruses Hantaan (Grygorczuk et al. 2008) . The current study confirmed a larger number of positive results for the serotype Dobrava/Hantaan in these regions: 2 positive results (3.8%) in the Olsztyn Region and 3 positive results (5.5%) in the Białystok Region. Antibodies reacting with antigens Hantaan give strong cross-reactions (due to the genetic relationship) with serotypes Dobrava in the Balkans and Saaremaa in Central Europe (Baek et al. 2006) . Many data concerning the results of serologic tests suggest the occurrence of probably asymptomatic or poorly symptomatic, and consequently, undiagnosed infections with hantaviruses in humans on the territory of Poland (Sadkowska-Todys et al. 2007; Grygorczuk et al. 2008 ).
conclusIons
The results of the conducted study suggest the occurrence of hantaviruses serotype Dobrava in large forest complexes on the territory of Poland. People residing and working in these areas are exposed to infection. The majority of infections probably have an asymptomatic course. It seems important to draw attention to preventive actions among forest workers, especially the use of personal protection equipment.
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